High sensitivity and resolution of our microwave Fourier transform (MWFT) spectrometer and careful analysis of the measured transients enabled us to determine very accurate spin-rotation and spin-spin interaction constants of methane. In addition we were able to increase the accuracy of the existing centrifugal distortion constants.
Introduction
Methane belongs to the most interesting molecules in microwave spectroscopy. This is partly due to its high symmetry and its extremely small centrifugal in duced dipole moment. It is also of considerable astrophysical interest. This induced us to look for transi tions in microwave regions which are not covered by previous measurements [1] , We were especially inter ested to resolve the hyperfine structure of the F-type species caused by spin-rotation (s.-r.) and spin-spin (s.-s.) interaction which is in the order of 100 kHz or below. This provides a method for the determination of s.-r. and s.-s. interaction constants independent of avoided-crossing molecular beam measurements [2] . The analysis of the hyperfine structure is also neces sary to determine the exact center frequencies which should be used for an accurate centrifugal distortion analysis.
methane sample was commercially available from Messer-Griesheim with a stated purity of 99.995%. It was used without further purification.
Results and Discussion
Determination of Transition Frequencies
In order to decrease statistical deviations all mea surements were done at least three times at different polarizing frequencies. The Fourier transform al gorithm was used only to get a first survey of the spectrum. Two examples are given in Figs. 1 and 2. More accurate frequencies were obtained by least squares fits of the time domain signals. This method significantly increases the accuracy especially in the case of narrow splittings [3, 4] , This also holds for splittings between a molecular signal and a perturba tion frequency of non-molecular origin.
Experimental
All experiments were carried out on an MWFTspectrometer in the J-band region (5.4 to 8 GHz) at room temperature and at a pressure in the range of 0.4 to 0.5 Pa (3 to 4 mTorr). The polarizing pulses had a length of 750 ns and a pulse power of up to 20 W according to the maximum output power of our mi crowave amplifier (TWTA ß 4 is the quartic centrifugal distortion operator de fined in [6] , Dt the corresponding quartic tensorial centrifugal distortion constant. The high accuracy of our hyperfine data made it necessary to consider also the sextic centrifugal distor tion operator Q6 [6] The frequencies of the triplet components as well as the (hypothetical) center frequencies obtained from the fit are given in Table 1 . All lines were equally weighted. cd, d and the center frequencies were treated as independent fit parameters. The results and the corresponding correlation matrix are given in Tables 2  and 3 The scalar s.-r. constant ca is not available from Q-branch transitions.
Centrifugal Distortion Analysis
All A-and E-type transition frequencies as well as the center frequencies of the F-type triplets are com piled in Table 4 . In the case of not completely resolved F-type transitions we estimated the center frequency. The uncertainties were assumed to be 3 kHz for all frequencies. Table 5 . Tensorial centrifugal distortion constants [MHz] . Standard deviations in units of the last significant figure in brackets. Column 1: fit of transitions from Table 4 . Column 2; fit of transitions from Table 4 and Table I of [1] , Column 3: fit of transitions from Table I of [1] , All lines were weighted according to the inverse of their squared uncertainties. It is interesting to investigate whether this small amount of high precision data is sufficient to deter mine a complete set of quartic, sextic and octic tensorial centrifugal distortion constants. We made a fit with the programs XY4TOP and XY4FIT [8] , These programs have also been used in [1] . In this case fre quencies were equally weighted. The result is pre sented in Table 5 , column 1. For comparison we give the constants obtained by Oldani et al. [1] in col umn 3. The correlation matrices for both fits are shown in Tables 6 a and c. Obviously some correlation constants for our data are rather high. Therefore we decided to combine both data sets in a second fit. The results are also shown in Table 5 , column 2, resp. Table 6 b. In this fit all lines were weighted according to the inverse of their squared uncertainties. When ever the correlation matrix is different from that of Oldanfs fit, it has not become significantly worse. The error limits of the centrifugal distortion constants are only half as large now. It is remarkable that not all centrifugal distortion constants of the different fits agree within the standard error limits. We assume that this effect could arise from an influence of some 10th order constants.
